I. INTRODUCTION
Gyroresonant absorption problems at both the electron and ion cyclotron frequencies and their harmonics in a nonuniform plasma belong to a class of problems typically requiring lengthy and complex calculations. 1 The complexity is due to the fact that the absorption process basically is a thermal effect and therefore the theory necessarily involves solutions of the system of Maxwell and kinetic equations, a difficult task in usually three-dimensional plasma geometries. Even when the spatial variation of the equilibrium plasma parameters is sufficiently weak and the description of the waves via the geometric optics seems to be feasible, one cannot use the conventional geometric optics theory directly, since typically the gyroresonant absorption process is highly localized in space. This fact, in some sense, simplifies the theory, since various slab models can be used in studying the. details of the interaction. Nevertheless, even \ the one-dimensional calculations perlo )lled to date had been rather complex and certainly very different in each particular application.
On the other hand, the recent developments of the congruent reduction 2 and multi-dimensional mode conversion 3 theories provide new tools in simplifying mUlti-component wave propagation problems in plasmas. These theories comprise a systematic method of solving homogeneous integral equations of form Jd\' Dij(X,X') Zj(x') = 0 (1) for an N-component vector-field Z(x) on space-time [x=(r,t)], where the dispersion (2) where kJ.l.(x)=d'If/OxJ.l. , O(k,x)= fd 4 sD(X-S/2,x+s/2)exp(-ik.S) and Bcc1. is a small
• . dimensionless parameter associated with the nonuniformity of the background. It is our understanding of the solutions of Eq.(2), which had advanced significantly with the . development of the above-mentioned reduction and mode conversion theories. The congruent reduction theory2 yields an algorithm for eliminating some of the components of A from the problem by preserving, at the same time, the form, first differential order and the hermiticity of the reduced transport equation, which describes the remaining wave components. This reduced equation still has form (2) with 0 replaced by reduced matrix Dr of rank M~N such that all its elements are of 0(8). Typically, in non-degenerate plasma regions, where only one of the eigenvalues of O(k.x) vanishes at a time, one has M=1 and thus the system reduces to a single first order POE for the last remaining component of the amplitude, so that the problem becomes easily integrable. In a more restricted class of problems the final reduced matrix has rank M=2 and describes the pairwise mode conversion problem, solution of which for a general geometry was found in Ref. 3 . The total wave-action flux is still conserved in this type of problems (degenerate plasma regions) but, nevertheless, the flux is redistributed in two distinct channels (modes) automatically prescribed by the reduction procedure. This redistribution phenomenon is typically localized , so that outside the regions of the near-degeneracy of Dr, the reduction to case M=1 is again possible and the simple integrability is re$tored for each of the two channels independently.
Thus if a phYSical problem is described, in its unreduced form, by Eq.(2), the solution can be found systematically by combining the reduction and multi-dimensional mode conversion theories. We therefore conclude that the problem of finding the solution in practice can be replaced by the question of whether a particular application allows description in form (2) . We shall use the term "Hermitian problem" if the answer to this question is positive and show that the mUlti-species, anisotropic pressure magnetized plasma fluid model, in its unreduced form, comprises a Hermitian problem (see Sec. III). Thus, within this model, all wave problems In weakly nonuniform plasmas can be dealt with systematically ,as described above. As an example, the actual reduction for the fundamental and second harmonic electron gyroresonance cases will be carried out. in Sec. V and the results interpreted as the mode conversion from the electromagnetic to plasma pressure-fluid modes.
II. HERMITIAN FORM FOR COLD MULTI-SPECIES PLASMA MODEL
It is instructive to find the Hermitian form (2) for unreduced wave problems in the cold plasma case first. We start with the linearized Maxwell-momentum equations
a Ul a a C al (5) and ea. are the mass, the charge number and its sign, respectively for species ex, and 80 and Na.O are the equilibrium magnetic field and density. We multiply Eq. (10)
Therefore, in conclusion, Eq.(2) with 0 given by (7) holds in any slowly ,varying cartesian coordinate system.The convenient choice is the system with e z along the direction of the background magnetic field Bo. One can, of course, use a non-cartesian coordinate system, such as the conventional base vectors e±=(e x ±ie y )/{2 and ez=BO/IBOI. In this case we write S=S+e++S~e_+Szez I where S is either b, a, va. or k. Then, in the new representation, the evolution of the amplitude A=(b+, b_, b z ' a+, a_, a z ' v<x+' va.-' v ea } is described again by Eq. (2) with the dispersion matrix given by
Vaz where nex=±IQex l with the signs again defined by the charge sign of species ex. In the cold plasma case described by dispersion matrix (7). Eq.(12) becomes
where and ( ... ) describes the averaging over the rapid phase '1'. Thus, we simply obtained the energy conservation law for the perturbed fluid.
III. THE ANISOTROPIC PRESSURE MODEL
Addition of thermal effects modifies the momentum equations for various species, which now become
where the anisotropic pressure tensor P is described by: 4
We neglected the heat flux in the last equation, Le. assumed a sufficiently low temperature case. The effect of collisions was also neglected for simplicity.
At this point we shall choose the most simple equilibrium, i.e. assume the 
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It is convenient, at this stage, to introduce the representation in which .ea is diagonal.
The desired base vectors are e± and e z as defined above. In terms of these vectors
where na.=:tl Qaol. In this representation Eq. (22) is particularly simple and becomes, written in components (we shall omit the subscript a for simplicity)
• 112
(co-O)P z += NoT (kzv.+ kyz)
(co+O)P z • = NoT (kzv++ k+vJ
(CJ)-2.Q)P.+ = 2No T Ky. We observe now that the system splits into two decoup/ed problems for amplitudes A1 =(b z , a+, a., v+) and A2=(v z , Pz-) characterized by dispersion matrices co oikl,f2 ikl,f2 . Now we can find the transmission coefficient of the ordinary mode through the mode coupling region. The transmission, for general geometry, is given by3
where :Ii (42) and is evaluated at the crossing point xo. kO (Da=Db=O at xo. kO) which is defined along the geometric optics ray generated by the dispersion Da=O (in our case the ray for the ordinary cold plasma mode). Evaluation of T in the case of interest yields
This expression. for the perpendicular stratification of the magnetic field (Va 1. 80)'
coincides with the result predicted bya more elaborate kinetic theory.5 Note that
Eq.(43) was derived by using the multi-dimensional mode conversion theory3 and.
therefore. is not limited to the case of the perpendicular stratification and can be used in plasmas of arbitrary geometry. ,"
.,,;
. . iii. We have considered the normal incidence case (k.LBO) and single species plasma in the examples in Sec. V . Nevertheless, since the method is general, it can be automated by using a computer, thus allowing the study of much more complicated mode interactions such as those in mUlti-species plasmas of arbitrary geometry, where the usual theories are typically restricted to slab models and become extremely elaborate and non-trivial. .
.. iv. The possibility of formulating both the cold plasma and the anisotropic ... 1 pressure fluid models in the Hermitian form suggests that higher moment equations, and possibly the kinetic problem in the absence of colliSions, also comprise the Hermitian case. We shall address this problem in our future studies.
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